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ABSTRAK 
Analisis linear dan analisis linear lengkokan untuk bahagian-bahagian terbuka binaan 
keluli sejuk tertakluk kepada lenturan telah dikaji. Jumlah 18 rusuk yang mempunyai 
perbezaan bentuk dan saiz bukaan web diuji di bawah konsep empat titik lenturan dengan 
kaedah unsur terhingga. Bahagian-bahagian terbuka binaan dipasang dengan skru 
persendirian daripada dua saluran biasa. Tujuannya adalah untuk mengkaji kesan-kesan 
bukaan yang mempunyai perbezaan bentuk dan saiz juga untuk mengenalpasti 
maksimum beban buklin yang boleh ditanggung melalui analisis buklin eigenvalue dan 
untuk mengenalpasti mod kegagalan bahagian-bahagian terbuka binaan melalui elastik 
tekanan lenturan. Model unsur terhingga telah dimajukan menggunakan perisian LUSAS 
14.0 untuk menganalisa specimen-spesimen yang mempunyai dua perbezaan bentuk 
bukaan iaitu bulatan dan segiempat sama dengan perbezaan bilangan bukaan dan saiz. 
Tiga perspektif panjang rusuk yang berbeza; pendek 1000 mm (1), sederhana 1500 mm 
(2) dan panjang 2000 mm (3). Pin dan roller sebagai sokongan hujung dipasang untuk 
menjalankan analisa unsur terhingga. Kegagalan setempat disebabkan bentuk dan 
bilangan bukaan pada plat web bahagian-bahagian binaan terbukan keluli sejuk 
diperhatikan. Keputusan menunjukkan maksimum beban buklin dan mod kegagalan 
keluli sejuk berbeza beza dengan kedudukan bukaan.  
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ABSTRACT 
The linear analysis and linear buckling analysis of built-up open sections of cold-formed 
steel subjected to bending was investigated. A total of 18 beams having different shapes 
and size of web opening were tested under four point bending by using Finite Element 
Analysis. The built-up sections were assembled by self-tapping screws from two plain 
channels. The objectives was to study the effect of perforations having different shapes 
and sizes together to determine the maximum buckling load that can be carried by 
eigenvalue bucking analysis and to identify the mode of failure of the sections under 
elastic bending stress. Finite element model was developed using LUSAS 14.0 software 
to analyse the specimens having two different shapes of perforation which are circular 
and square shapes with a different number of opening and sizes. Different length of beam 
sections used was; short 1000 mm (1), medium 1500 mm (2) and slender 2000 mm (3). 
Pinned and Roller ended support was assigned to validate the Finite Element Analysis. 
The localized failure due to the size and number of opening in the web plates of the built-
up CFS beam is observed. The results shown the maximum buckling load and the mode 
of failure of cold-formed steel beam vary with the perforations position. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Introduction 
Cold-formed steel (CFS) sections are famous engineered material in residential 
and commercial construction due to strong, safe, durable and effective cost thus save the 
construction time. This product is not only provided for construction building but it fulfill 
the needed for transportation machineries, furniture, equipment, storage rack, facilities 
and others. CFS is commonly used accredit to its high strength and stiffness, uniformly 
quality, lightness in weight, economic and non-shrinking at ambient temperatures. 
A tremendous diversity of shapes, sizes, and applications based on the 
requirements of specification are produced by cold forming processes such as folding, 
press braking and rolling. These processes increase the yield strength and tensile strength 
of CFS but at the same time decrease the ductility of cold-formed steel sections. 
Open sections of CFS such as C-sections and Z-sections (refer Figure 1.1) are 
extensively used in light steel construction of wall, roof and floor framing members. The 
main functions of these individual structure framing sections are to carry structural 
strength, load and stiffness for design purposes. 
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Figure 1.1 Open C-channel and Z-channel steel section (Source: 
https://www.stratco.com.au/our-products/building-construction/steel-framing/)  
 
1.2 Problem Statement 
Perforations are commonly employed at the web of CFS sections to accommodate 
plumbing, electrical, passage utilities and heating conduits in the wall or ceilings of the 
buildings. While, in steel storage rack, perforation patterns are provided to allow for shelf 
configurations. Logically, perforation concept for design can reduce the weight thus, 
overall cost of project but those perforations will affect the ultimate capacity. The 
ultimate load capacity decreases with increasing opening sizes and increasing the length 
of perforation. Therefore, it is a same concept when the opening diameter and opening 
length increased which relative to web depth, the ultimate strength of CFS will decreased. 
The buckling behavior not only influenced by reduction of cross-sectional properties but 
also by the stress concentration that caused by perforation. 
 As CFS sections, perforated cold-formed steel (PCFS) sections also exhibit a 
similar failure modes that subjected to compressive and bending loads. The failure modes 
are including distortional buckling, local buckling and global buckling (torsional). 
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 Various shapes of CFS may have a nice appearance but due to their characteristic 
which is mono-symmetric such as C-section or Z-section, these open sections are leads 
to fail under lateral torsional bucking because the location of its centroid and shear center 
of the cross-section is unsymmetrical. So, both individual sections need to connect each 
other to form the double-symmetric built-up open sections or built-up close section to 
have a symmetrical shear center as shown in Figure 1.2 (a) and Figure 1.2 (b). Behavior 
of CFS as built-up sections need to be observed. 
 
 
(a)                                                                         (b) 
Figure 1.2: Built-up sections of CFS (a) Built-up open sections (b) built-up closed 
sections (Wang and Young 2015) 
 
1.3 Objectives 
The purpose of this research is concerning a Finite Element Analysis (FEA) on 
the built-up open of perforated CFS sections under bending. Several objectives are listed 
as follow in order to achieve the research outcomes: 
i) To identify the mode of failure of the sections under bending stress. 
ii) To determine the maximum buckling load that can be carry by open built-up 
steel section before failure by using eigenvalue buckling analysis. 
iii) To study the effect of different shape and number of perforated CFS open 
built-up section. 
81 
REFERENCES 
Altan, M. F. and Kartal, M. E. 2009. Investigation of Buckling Behavior of Laminated 
Reinforced Concrete Plates with Central Rectangular Hole Using Finite Element Method. 
Material & Design. 30(6): 2243-2249. 
Degtyarev, V. V. and Degtyareva, N. V. 2018. Numerical simulations on cold-formed 
steel channels with longitudinally stiffed slotted webs in shear. Thin-Walled Structures. 
129: 429-456. 
Fratamico, T. C., Torabian, S., Zhao, X., Rasmussen, K. J. R. and Schafer, B. W. 2018. 
Experiments on the global buckling and collapse of built-up cold-formed steel columns. 
Journal of Constructional Steel Research. 144: 65-80. 
Fratamico, D. C., Torabian, S., Zhao, X., Rasmussen, K. J. R. and Schafer, B. W. 2018. 
Numerical studies on the composite action in sheated and bare built-up cold-formed steel 
columns. Thin-Walled Structures. 127: 290-305. 
Gilbert, B. P., Timothee, J., Savoyat, M. and Teh, L. H. 2012. Self-Shape Optimisation 
Application: Optimisation of Cold-Formed Steel Columns. Thin-Walled Structures. 60: 
173-184. 
Kim, J. H., Lee, M. G., Kim, D., Matlock, D. K. and Wagoner, R. H. 2010. Hole-
expansion formability of Dual-Phase Steels using Representative Volume Element 
Approach with Boundary-Smoothing Technique. Materials Science and Engineering. 
527(27-28): 7353-7363. 
Kulatunga, M. and Macdonald, M. 2013. Investigation of cold-formed steel structural 
members with perforations of different arrangements subjected to compression loading. 
Thin-Walled Structures. 67: 78-87. 
Laboube, R. A. and Yu, W. W. 2010. Recent research and developments in cold-formed 
steel framing. Thin-Walled Structures. 32(1-3): 19-39.  
82 
Ling, J. Y., Kong, S. L. and De’nan, F. 2015. Numerical study of buckling behavior of 
cold-formed c-channel steel purlin with perforation. Proceedia Engineering. 125: 1135-
1141. 
LUSAS Finite Element Analysis (FEA) Software. United Kingdom. 2009. 
Malike, S. S. and Abd Hamid, K. J. 2012. Direct Strength Method (DSM) for cold-formed 
steel column with holes. Procedia Civil Engineering. 
Pham, C. H. and Hancock, G. J. 2010. Numerical simulation of high strength cold-formed 
purlins in combined bending and shear. Journal of Constructional Steel Research. 66(10): 
1205-1217. 
Seo, J. K. and Mahendran, M. 2012. Member moment capacities of mono-symmetric 
LiteSteel Beam floor joists with web openings. J. Constr. Steel Res. 70: 153-166. 
Seo, J. K., Mahendran, M. and Paik, J. K. 2011. Numerical method for predicting the 
elastic lateral torsional buckling moment of a mono-symmetric beam with web openings. 
Thin-Wall Structure. 49(6): 713-723. 
Sivakumaran, K. S., Ng, M. Y. and Fox, S. R. 2006. Flexural strength of cold-formed 
steel joists with reinforced web openings. Can. J. Civil Eng. 33(9): 1195-1208. 
Vieira Jr, L. C., Malite, M. and Schafer, B. W. 2008. Numerical analysis of cold-formed 
steel purlin-sheeting systems. Thin-Walled Structures. 
Vraný, T. 2006. Effect of loading on the rotational restraint of cold-formed purlins. Thin-
Walled Structures. 44(12): 1287-1292. 
Wang, L. and Young, B. 2017. Design of cold-formed steel built-up sections with web 
perforations subjected to bending. Thin-Walled Structures. 120: 458-469. 
Wang, L. and Young, B. 2015. Beam tests of cold-formed steel build-up sections with 
web perforations. Journal of Constructional Steel Research. 115: 18-33.  
83 
Wang, H. and Zhang, Y. 2009. Experimental and numerical investigation on cold-formed 
steel C-section flexural members. Journal of Constructional Steel Research. 65(5): 1225-
1235. 
Yang, J. and Liu, Q. 2012. Sleeve connections of cold-formed steel sigma purlins. 
Engineering Structures. 43: 245-258. 
Ye, J., Hajirasouliha, I., Becque, J. and Pilakoutas, K. 2016. Development of more 
efficient cold-formed steel channel sections in bending. Thin-Walled Structures. 101: 1-
13. 
Yuan, W. B., Yu, N. T. and Li, L. Y. 2017. Distortional buckling of perforated cold-
formed steel channel-section beams with circular holes in web. International Journal of 
Mechanical Sciences. 126: 255-260. 
Zhang, J. H. and Young, B. 2015. Numerical investigation and design of cold-formed 
steel built-up open section columns with longitudinal stiffeners. Thin-Walled Structures. 
89: 178-191. 
